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157] ' ABSTRACT

An electrical connector (10) wherein the contacts (32,
34) have tail portions (40, 46) extending into respective
holes (18) of a printed circuit board (16). The tail por-
tions are gently curved, which provides a centering of
the distal ends (48, 56) of the tail portions over the

_ respective circuit board holes and also results in a low

439/81-84,

insertion force. Retention is provided by friction of the
tail portions against the walls of the holes. The gentle
curve of the tail portions keeps them close to the walls
of the respective holes so that when a surface mount
solder process is utilized, each tail portion provides a
wicking action to concentrate the small amount of sol-
der which is available in the region where the tail por-
tion is close to the wall, resulting in a strong mechanical
and electrical solder joint without requiring the hole to
filled with solder. Also, minimum vibration is generated
when the tail portions are inserted into the holes so that
other temporarily retained components on the board are
not displaced.

3329650 3/1985 Fed. Rep. of Germany ........ 439/81
Primary Examiner—Eugene F. Desmond 10 Claims, 4 Drawing Sheets
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ELECTRICAL CONNECTOR HAVING CONTACTS
WITH BOARD RETENTION FEATURE

BACKGROUND OF THE INVENTION

This invention relates to electrical connectors and,
more particularly, to such a connector with the ability
to be retained to a circuit board during soldering and
which accommodates surface mount solder joints in
printed circuit board holes.

- When mounting and electrically interconnecting
components on a printed circuit board, two commonly
used processes are wave soldering and surface mount
soldering. For wave soldering, leads from the individ-
ual components are inserted into respective holes in the
printed circuit board from a top surface thereof. Addi-
tionally, contacts from an electrical connector to be
mounted to the board are inserted into respective holes
from the top surface. A wave of molten solder is then
applied to the bottom surface of the board. The solder
enters the holes, filling them and making mechanical
and electrical connections.

In the surface mount process, a solder paste is applied
to the top surface of the board in a desired pattern. The
solder paste is tacky and the components are thereafter
placed on the board with their leads extending into the
solder paste so that the components are temporarily
held in place. The board is then subjected to a process
which heats and melts the solder to make the mechani-
cal and electrical connections. In the past, when compo-
nents were surface mount soldered to a printed circuit
board, the electrical connector was subsequently put in
position on the board and then a wave soldering step
was utilized. This extra step is disadvantageous in that it
requires additional time as well as requiring wave sol-
dering equipment. It would be desirable to be able to
eliminate this extra step @and the wave soldering equip-
ment when electrical components are surface mount
soldered to a printed circuit board.

It is therefore an object of the present invention to
provide an electrical connector which is amenable to
surface mount soldering. Accordingly, connectors then
could advantageously be mounted to both sides of a
printed circuit board.’

In contrast with the wave soldering process, the
amount of solder in the surface mount process that can
enter a circuit board hole is limited. Accordingly, it is
another object of the present invention to provide an
electrical connector which can be surface mount
soldered to a printed circuit board with a small amount
of solder and still maintain a good mechanical and elec-
trical joint.

When surface mounting a connector to & circuit
board after the other electrical components have been
temporarily adhered to the solder paste, care must be
taken to keep vibrations to & minimum so that the elec-
trical components are not displaced. Accordingly, it is
another object of this invention to provide contacts
extending from the connector which can be inserted
into circuit board holes with a low insertion force, pro-
vide retention for the connector, and not generate vi-
bration which would displace the other electrical com-
ponents. :

SUMMARY OF THE INVENTION
The foregoing and additional objects are attained in
accordance with the principles of this invention by
providing an electrical connector having a housing and
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2
a plurality of contacts disposed in the housing. Each of
the contacts has a tail portion which extends out of the
housing. Each tail portions is configured with a gentle
curve (i.e., having relatively large radii of curvature)
which provides a centering of the tail portion tip over
the respective circuit board hole. Each tail portion
curve has a high region which extends beyond the pe-
rimeter of the hole. The slope of the gentle curve resuits
in a low insertion force for the tail portion and retention
of the tail portion in the hole is provided by friction of
the tail portion against the walls of the hole. Further,
the use of a gentle curve with relatively large radii of
curvature maintains each tail portion close to the wall
of its hole over a relatively long distance which advan-
tageously provides a wicking action to concentrate the
small amount of solder from the surface mount solder
process in the region where the tail portion is close to
the wall, so as to result in a strong mechanical and
electrical solder joint without requiring the hole to be -
filled with solder.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing will be more readily apparent upon
reading the following description in conjunction with
the drawings in which like elements in different figures
thereof have the same reference numeral and wherein:

FIG. 1 is a side view of an illustrative connector
constructed according to this invention;

FIG. 2 is a top plan view of a portion of a circuit
board showing an illustrative hole pattern for the con-
nector of FIG. 1; i

FIG. 3 is a cross sectional view taken along the line
3—3inFIG. I;

FIG. 4 is a side view of a first contact for use in the
connector of FIG. 1;

FIG. 5 is a side view of a second contact for use in the
connector of FIG. 1:

FIG. 6 is a view showing the connector of FIG. 1
prior to insertion -of the contacts into the circuit board
holes of FIG. 2;

FIG. 7 is a view similar to FIG. 6 showing the
contacts after insertion into the circuit board holes;

FIG. 8 is an enlarged view of a contact tail portion
within a circuit board hole after it has been subjected to
a wave soldering process; and

FIG. 9 is an enlarged view of a contact tail portion
within a circuit board hole after it has been subjected to
a surface mount soldering process.

DETAILED DESCRIPTION

Referring to the drawings, FIG. 1 shows an illustra-
tive bi-level dual position edge connector 10. The con-
nector 10 includes a bousing 12 having a mounting face
14. As is conventional, a plurality of contact-receiving
passageways (not shown) extend through the housing
12 transverse to the mounting face 14. The connector 10
is adapted for mounting to a printed circuit board 16
(FIG. 2) which is provided with an array of plated
through holes 18. Each of the holes 18 functions to
receive therein a tail portion of a respective contact of
the connector 10. The holes 18 are staggered so that
traces on the circuit board can be routed therebetween.
The board 16 is also provided with a pair of guide holes
20 for accepting guide pins 22 of the connector 10. The
housing 12 of the connector 10 is also formed with
standoffs 24 which function to space the mounting face
14 from the top surface 26 of the board 16. Additionally,
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the guide pins 22 are formed with enlarged shoulders 28
which serve the same function as the standoffs 24.

Hlustratively, the connector 10 includes an elongated
cavity 30 in its housing 12 for accepting an edge of a
mating circuit board. For the particular connector 10
illustrated herein, connections to the mating board are
made at two levels and to both sides of the mating
board. Therefore, the contacts of the connector 10 are
configured for either a low level connection or a high
level connection.

FIG. 4 illustrates a contact 32 adapted for a high level
connection and FIG. 5 illustrates a contact 34 adapted
for a low level connection. The contact 32 includes a
contact portion 36 which extends into the cavity 30, an
intermediate portion 38 which is captured in a contact-
receiving passageway of the housing 12, and a tail por-
tion 40 which extends out. of the housing 12 beyond the
mounting face 14. Similarly, the low level connection
contact 34 includes a contact portion 42 which extends
into the cavity 30, an intermediate portion 44 which is
captured in a contact-receiving passageway of the hous-
ing 12, and a tail portion 46 which extends out of the
housing 12 beyond the mounting face 14. The contacts
32 and 34 are preferably stamped from planar sheet
stock material, and are bent to the configurations shown
in FIGS. 4 and 5, with the original plane of the sheet
stock material extending out of the paper. The contacts
illustrated in FIGS. 4 and 5 are those contacts on the
left side of the connector 10, when viewed in FIGS. 3,
6 and 7. For the contacts on the right side of the connec-
tor 10, the tail portions would be reversed; i.e., the tail
portion 40 shown in FIG. 4 would replace the tail por-
tion 46 shown in FIG. 5 and the tail portion 46 shown in
FIG. § would replace the tail portion 40 shown in FIG.
4

According to this invention, the tail portions 40, 46
are formed as smooth curves without any sharp bends
or kinks and have relatively large radii of curvature so
that low insertion forces are attained. In addition, the
tail portions 40, 46 hug the walls of the circuit board
holes 18 after insertion therein to produce a wicking
action so that a relatively small amount of solder results
in a good joint. As shown in FIG. 4, the tail portion 40
extends smoothly from its distal end 48 over a predeter-
mined length to the point 50 toward the mounting face
14 (when disposed in the housing 12) without any sharp
bends or kinks. The curve of the tail portion 40 between
the distal end 48 and the point 50 is such that there is a
high region 52 displaced from an axis 54 which passes
through the distal end 48 and is paralle! to the direction
in which the tail portion 40 is inserted into a respective
circuit board hole 18. More particularly, the curve of
the tail portion 40 preferably includes the arc of a circle
which includes the high region 52 so that the tail por-
tion 40 extends beyond the axis 54 from the point 50 to
the high region 52 and then extends back toward the
axis 54 to the distal end 48. The distal end 48 preferably
includes a generally straight section substantially paral-
lel to the axis 54 when the tail portion 40 is relaxed.

The tail portion 46 (FIG. 5) is configured similarly to
the tail portion 46, but With some minor differences due
to the fact that it has to extend further away from where
it exits the mounting face 14. Thus, the tail portion 46
includes a distal end 56 which is generally straight and
parallel to an axis 58 passing therethrough, which axis
88 is paraliel to the direction of insertion of the tail
portion 46 into its respective circuit board hole 18. The
tail portion 46 is smoothly curved from its distal end 56
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4

over a predetermined length to a point 60. Between the
straight portion of the distal end 56 and the point 60, the
tail portion 46 is preferably formed to include first and
second circular arcs. The first circular arc contains a
high region 62 and preferably has the same radius of
curvature as the circular arc of the tail portion 40. The
second circular arc preferably has a reduced radius,of
curvature and continues to the point 60.

The points 50 (FIG. 4) and 60 (FIG. 5) are chosen to
define the smoothly curved predetermined length of
each tail portion so that when the connector 10 is
mounted to the board 16 with the tail portions 40, 46
extending into respective circuit board holes 18, the
smooth curves extend from the distal ends 48, 56 at least
through the circuit board 16. In addition, the high re-
gions 52, 62 are so located along that predetermined
length that they are within the circuit board holes 18.

As is best shown in FIG. 6, the tail portions 40, 46 are
configured so that the spacing of the distal ends 48, 56 is
such that the distal ends 48, 56 are each substantially
centered over a respective one of the circuit board holes
18 while the tail portions 40, 46 are relaxed prior to the
connector 10 being mounted to the board 16. Further,
the curves of the tail portions 40, 46 are such that when
the connector 10 is positioned as in FIG. 6 with the
distal ends 48, 56 substantially centered over the respec-
tive holes 18, the projections of the high regions 52, 62
onto the surface 26 of the circuit board 16 are outside
the respective holes 18.

Mounting and retention of the connector 10 to the
circuit board 16 occur as follows. The straight sections
at the distal ends 48, 56 of the tail portions 40, 46 assist
in the lead in of the tail portions 40, 46 into the respec-
tive circuit board holes 18. The gentle and smooth
curves of the tail portions 40, 46, due to relatively large
radii of curvature, maintains a steep angle of insertion
which results in a low insertion force. Insertion of the
tail portions 40, 46 into the holes 18 causes the tail por-
tions 40, 46 to be displaced such that the high regions
52, 62 are moved toward the axes 54, 58, respectively.
Insertion continues until the standoffs 24 abut the top
surface 26 of the board 16, as shown in FIG. 7. At this
stage, the high regions 52, 62 are within the holes 18 and
the resiliency of the tail portions 40, 46 and their dis-
placements from the relaxed positions causes them to
exert a normal force against the interior walls of the
respective holes 18. This normal force, multiplied by
the coefficient of friction between the tail portions 40,
46 and the interior walls of the holes 18, constitutes the
retention force opposing removal of the tail portions 40,
46 from the holes 18. The curves of the tail portions 40,
46 are chosen so that the insertion force for entry of the
tail portions 40, 46 into the holes 18 is substantially
equal to that retention force. It is noted that this must be
empirically done for each combination of connector 10
and circuit board 16.

The contacts 32, 34 are divided into two groups, with
the tail portions 40, 46 being curved in opposite direc-
tions from each other, as is clear from the drawings.
This is so that a retention force against opposed walls
can be generated.

FIG. 8 is an enlarged view showing a tail portion 40
within a circuit board hole 18 after it has been subjected
to a wave solder process. It is noted that the entire hole
18 is filled with solder 64. Thus, the connector accord-
ing to the present invention can be used with a wave
solder process. However, it is preferable to install the
connector 10 at the same time as the surface mount
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components are installed on the board 16 and to then
use a single surface mount solder process for the com-
ponents and the connector. The resuit of such surface
mount solder process on a tail portion 40 within a hole
18 is shown in FIG. 9. The relatively large radius of
curvature of the tail portion 40 keeps the tail portion 40
close to the interior wall of the hole 18. This allows the
tail portion 40 to act as a wick for the solder 66 which
flows due to the infrared heating of the solder paste.
Thus, the relatively small amount of solder which is
available in the hole 18 due to the surface mount solder
process is concentrated around the tail portion 40. The
large radius of curvature of the tail portion 40 results in
a maximum size solder fillet. On the other hand, if the
tail portion 40 had a small radius of curvature so that it
was kinked, then the solder fillet would be small since
less of the tail portion will be close to the interior wall
of the hole, resulting in a weak solder joint, as opposed
to the strong solder joint provided according to this
invention. Advantageously, the gentle curve of the tail
portions 40, 46 which results in a low insertion force
also results in low vibration during insertion. Also, since
the high regions 52, 62 remain within the holes 18 and
the insertion angles are steep, there is no “snap action”
of the tail portions 40, 46. Accordingly, the temporarily
held components on the circuit board 16 are not dis-
placed when the connector 10 is mounted to the board
prior to the surface mount solder process.

Accordingly, there has been disclosed an improved
electrical connector designed to be retained to a circuit
board during soldering and which accommodates a
surface mount solder joint in a printed circuit board
hole. While a preferred embodiment has been disclosed
herein, it is understood that various modifications and
adaptations to the disclosed embodiment are possible,
and it is only intended that this invention be limited by
the appended claims. Thus, for example, while the illus-
trated contacts have the curves of the tail portions
formed by curving the stamped contact out of the origi-
nal plane of the sheet stock material, the curves of the
tail portions may alternatively be formed as part of the
blanking operation within the original plane of the sheet
stock material.

We claim:

1. An electrical connector (10) for mounting to a
printed circuit board (16), wherein the printed circuit
board is formed with an array of plated through-holes
(18), the connector comprising:

a housing (12) having a mounting face (14) and a

_plurality of contact-receiving passageways there-
through transverse to said mounting face; and

a plurality of contacts (32, 34) each disposed in a

respective one of said plurality of passageways,
each of said contacts including a tail portion (40,
46) extending out of said housing beyond said
mounting face, each of said tail portions being
smoothly curved over a predetermined length
without any sharp bends or kinks from its distal end
(48, 56) toward said housing mounting face (14),
the distal ends of said tail portions being spaced
relative each other so that the distal ends can each
be substantially centered over a respective one of
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said circuit board holes (18) prior to said connector -

being mounted to said board and while said tail
portions are relaxed, said predetermined length
being sufficient so that when said connector is
mounted to said board with said tail portions ex-
tending into said circuit board holes the smooth
curve extends from said distal end at least through
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said circuit board, the curve of each of said tail
portions being configured with a high region (52,
'62) displaced from a respective axis (54, 58) which
passes through the distal end parallel to the direc-
tion of insertion of the tail portions into the respec-
tive circuit board holes, the high region of each tail
portion being so located along said predetermined
length of said each tail portion that it is within the
respective circuit board hole when the connector is
mounted to the board, the curve of each of said tail
portions being further configured so that when the
tail portions are relaxed and the distal ends of the
tail portions are substantially centered over the
respective circuit board holes the projection of the
high region of each tail portion onto the surface of
the circuit board is outside the respective circuit
board hole, insertion of each tail portion into its
respective circuit board hole causing its high re-
gion to be displaced toward its respective axis so
that a force normal to the respective axis is applied
against the interior wall of the respective circuit
board hole.
2. The electrical connector according to claim 1
wherein each of the plurality of contacts (32, 34) is
formed from planar sheet stock material and each of the
tail portions (40, 46) is curved transverse to the plane of
the sheet stock material.

3. The electrical connector according to claim 1
wherein each of the plurality of contacts (32, 34) is
formed from sheet stock material in a blanking process
and the curves of each of the tail portions (40, 46) are
formed as part of the blanking process.

4. The electrical connector according to claim 1
wherein the curve of each tail portion (40, 46) is chosen
so that the insertion force for entry of the tail portion
into the respective circuit board hole (18) is substan-
tially equal to the retention force opposing removal of
the tail portion from the respective circuit board hole,
the retention force being the result of the normal force
applied to the interior wall due to the displacement of
the high region (52, 62) toward the respective axis (54,
58).

5. The electrical connector according to claim 4
wherein the curve of each tail portion (40, 46) includes
an arc of a circle.

6. The electrical connector according to claim I
wherein the distal end (48, 56) of each tail portion (40,
46) is a generally straight section substantially paraliel
to the respective axis (54, 58) when the tail portion is
relaxed.

7. The electrical connector according to claim 1
wherein each tail portion (40, 46) is curved from where
it extends out of said housing (12) in a first direction
beyond the respective axis (54, 58) to the high region
(52, 62) and then back toward the respective axis.

8. The electrical connector according to claim 7
wherein the curve of each tail portion (40, 46) includes
an arc of a circle. .

9. The electrical connector according to claim 8
wherein the distal end (48, 56) of each tail portion (40,
46) is a generally straight section substantially parallel
to the respective axis (54, 58) when the tail portion is
relaxed. ‘

10. The electrical connector according to claim 1
wherein the tail portions (40, 46) are divided into two
groups with the tail portions of the two groups being

curved in opposite directions from each other.
* & 3 % =2



